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Signalling across, within, and at the cytoplasmic surface of cell membranes is
central to the regulation of many processes in mammalian cells, ranging from
development and maintenance of tissues to immune responses. Multiscale mo-
lecular simulations may be used to probe how signalling proteins interact with
the lipid bilayer environment [1] and with one another to form dynamic com-
plexes in cell membranes. The longer term aim of this work is to form a com-
putational bridge from structural across to cell biology to enable predictive
modelling of cell membrane signalling. Recent studies on lipid/protein [2],
and protein/protein interactions in cell membranes will be described, including
studies of PH domain/PIP interactions [3], signalling by integrins [4], and
membrane recognition by PTEN and related proteins.
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Rhomboid proteins are membrane-immersed enzymes with the remarkable
ability to hydrolyze protein segments within the membrane. This form of in-
tramembrane proteolysis plays key roles in cell communication including
EGF signalling during animal development, and quorum sensing during bac-
terial growth. We have been investigating rhomboid protease mechanism us-
ing a pure enzyme reconstitution system that we developed, coupled with
high-resolution crystal structures of a model bacterial rhomboid protease
(1, 2). Intramembrane proteolysis is catalyzed within a hydrated cavity that
opens to the outside of the cell and allows water to enter, but is protected
laterally from membrane lipids by a ring of protein segments. Using a struc-
ture-function approach, we subsequently identified one transmembrane helix
and overlying loop that provide a rate-limiting movement to gate substrate
entry laterally from the membrane (3). By integrating reconstitution into de-
fined bilayer environments with spectroscopic interrogation, we recently dis-
covered that rhomboid proteases rely on the natural biophysical constraints of
the membrane to achieve site-specific proteolysis. Since rhomboid proteins
play critical roles in the infective cycles of several protozoan parasites
(4,5,6), understanding the protease mechanism may provide therapeutic op-
portunities (7).
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Cell membranes are characterized by the presence of small regions of spe-
cialized protein and lipid composition termed membrane domains.
Cholesterol-dependent domains serve as important regulators of several
membrane trafficking pathways, including the process of clathrin-
independent endocytosis. Some of the best studied examples of proteins
that are internalized into cells via clathrin independent endocytic pathways
include bacterial toxins in the AB5 family such as Shiga toxin and cholera
toxin. Recently, the intrinsic ability of cholera toxin and related glycolipid-
binding toxins to initiate domain assembly has been postulated to trigger
toxin internalization by generating a novel class of endocytic intermediates.
Although the properties of domains induced by toxin binding have been
well characterized in model systems, the nature of these structures in intact
cells is still unclear, and their exact role in toxin uptake in cells remains
to be fully elucidated. We have therefore focused on understanding the prop-
erties of toxin-induced domains in living cells, using the membrane binding
subunit of cholera toxin (CTxB) as a model. To do so, we are utilizing a va-
riety of methods to study domains induced by CTxB-binding to cell mem-
branes, including FRAP and FCS-based measurements of protein dynamics,
as well as live cell imaging and cell biological approaches. These studies
are providing new insights into how CTxB-induced domains are assembled,
how their structure and dynamics are regulated, the pathways they utilize to
enter cells, and the role of both the glycolipid receptor of CTxB and toxin
structure itself in these events.
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General anaesthetics have enjoyed long and widespread use but their molecular
mechanism of action remains poorly understood. There is good evidence that
their principal targets are pentameric ligand-gated ion channels (pLGICs)
such as inhibitory GABAA (g-aminobutyric acid receptor A) and excitatory
nicotinic acetylcholine receptors (nAChRs), which are respectively potentiated
and inhibited by these allosteric effectors. The bacterial homologue from
Gloeobacter violaceus (GLIC), whose X-ray structure was recently solved, is
also sensitive to clinical concentrations of general anaesthetics. We recently
solved the crystal structures of the complexes propofol/GLIC and desflurane/
GLIC. These reveal a common general-anaesthetic binding site which pre-
exists in the apo-structure in the upper part of the transmembrane domain of
each protomer. Both molecules establish van der Waals interactions with the
protein; propofol binds at the entrance of the cavity whereas the smaller,
more flexible, desflurane binds deeper inside. Mutations of some amino acids
lining the binding site profoundly alter the ionic response of GLIC to protons,
and affect general-anaesthetic pharmacology. Simulations of molecular dy-
namics, performed on the wild type and two GLIC mutants, highlight differ-
ences in mobility of propofol in its binding site and help to explain these
effects. These data provide a novel structural framework for the design of gen-
eral anaesthetics and of allosteric modulators of brain pLGICs, including
nAChRs. In addition, they give insights into the gating mechanism occurring
in this family of channel, that involve transmission of conformational reorga-
nization from the extracellular domain to the transmembrane domain
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Voltage-gated Naþ channels initiate action potentials in excitable cells and are
important targets for drugs. Recent research gives new insight into the
